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Introduction A large number of permineralized specimens of a new lycophyte occurs at an Upper Pennsylvanian coal-ball locality in the Appalachian Basin. The base of the plant was interpreted as a growth form previously unknown from Paleozoic deposits (PIGG and ROTHWELL 1979) . More recently discovered material includes vegetative and fertile stem segments, vegetative leaves, sporophylls, and sporangia containing spores. Spores are assignable to Valvisisporites1 and Endosporites, sporomorphs currently interpreted as diagnostic of the heterosporous lycophyte Polysporia2 mirabilis sensu CHALONER (1958) .
Three structurally distinct, anatomically preserved fructifications bearing these spores have been discovered in North American deposits. The first was originally described from the Middle Pennsylvanian of the Michigan Basin as Lepidostrobus bartletti (ARNOLD 1930) and later recognized to contain the characteristic spore types of Polysporia (HANES 1975) . A second, and structurally distinct, I Valvisisporites IBRAHIM (1933) was rendered "Valvisporites" by CHALONER (1958) , and this misspelling has been perpetuated by most subsequent workers. IBRAHIM hyphenated the generic name such that it read "Valvisi-sporites." In this paper, we employ the original spelling. 2 The generic name Polysporia Newberry is similar to that of the moss Polyspora Sweet ex G. Don. Because of the confusing similarity in both spelling and pronunciation of the two, and because Polyspora Sweet ex G. Don has priority by the earlier date of effective publication, Polysporia Newberry may be considered an orthographic variant of Polyspora Sweet ex G. Don. As such, Polysporia Newberry would be a later homonym of Polyspora Sweet ex G. Don and, therefore, illegitimate.
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cone was described from Lower Pennsylvanian deposits of Kentucky as a new species of Polysporia (HANES 1975) , but the name was not validated by effective publication. A third form, from Middle Pennsylvanian strata of the Illinois Basin, was assigned to P. mirabilis (DIMICHELE, MAHAFFY, and PHILLIPS 1979) . Specimens of this type were characterized by alternating fertile and vegetative zones and did not produce compact cones.
Our material represents a fourth type of anatomically preserved lycophyte now known to bear Valvisisporites and Endosporites spores. In addition, a recently discovered locality near Bloomfield, Ohio, has yielded similar stems, plant bases, cortex, leaves, and spores, thus extending the known stratigraphic range of plants of this type to the Anderson Coal of the Middle Pennsylvanian.
Because it is impossible to determine which, if any, of the anatomically preserved forms with Valvisisporites and Endosporites is represented by the type specimen of Polysporia, P. mirabilis should be confined to those compressed specimens for which precise features of morphology and anatomy cannot be determined. Accordingly, new names must be proposed for each of the distinctive permineralized forms. In this paper we describe and reconstruct the sporophyte of Chaloneria cormosa gen. et sp. nov. from the Upper Pennsylvanian specimens and compare it with the Middle Pennsylvanian material from the Anderson Coal. The generic name is proposed in recognition of significant contributions to our understanding of Paleozoic lyco- fertile nature of the stem apex. Structure and development of C. cormosa megagametophytes, several aspects of reproductive biology, and the systematic affinities of Chaloneria will be addressed in a subsequent work (PIGG and ROTH-WELL 1983) .
Material and occurrence
Specimens of Chaloneria cormosa were preserved by calcareous cellular permineralization in coal balls collected from an Upper Pennsylvanian locality near Steubenville, Ohio (ROTHWELL 1976 Sections were prepared for microscopic examination by the cellulose acetate peel method. Surface features of the stem were determined from split coal-ball surfaces. Peels were made from etched surfaces of split coal balls to observe epidermal and cuticular anatomy. Spores were macerated with 2 % HCl. Those prepared for microscopy were mounted on microscope slides. Microspores were studied with transmitted light, and megaspores were photographed with a combination of transmitted and reflected light. Additional macerated spores were prepared for scanning electron microscopy (MIL-LAY and TAYLOR 1980) . Phloem tissue was prepared for observation with the scanning electron microscope by modifying the DAGHLIAN and TAY-LOR (1979) technique. Prior to placement on a Millipore filter to remove acetate, the sections were softened by immersion in acetone for ca. 7 s. Slides of the material are deposited in the Paleobotanical Herbarium, Department of Botany, Ohio University, and bear acquisition nos. 508-750, 2567-2568, 2618-2626, 3255- DIAGNOSIS.-Plants with vegetative basal region and alternating megasporangial and microsporangial zones distally. Leaf traces typically separated into two strands distal to leaf base, less often united by central protoxylem area; trabeculae present in sporangia. Megaspores assignable to sporae dispersae species V auritus, microspores assignable to sporae dispersae species Endosporites ornatus.
HOLOTYPE.-Slabs, peels, and slides of specimen in Ohio University coal ball 1408 D bot-N top, slide nos. 3278-3279, 3284-3293, 3429, 3459, 3469-3473, 3480-3736 3262-3267, 3271-3272, 3275-3277, 3352-3428, figs. 4, 9-16, 23-24, 29, 32-33, 35, 37-39; 1408 C bot-N top, slide nos. 580-583, 587, 591, 671-727, figs. 1-4, 8, 13-14 of PIGG and ROTHWELL (1979) ; 1423 E(M) side, E bot, F top, slide nos. 585, 588, 590, figs. 6, 9, 12, 16-19 
Description GENERAL FEATURES
Approximately 400 permineralized vegetative and fertile shoot fragments and numerous isolated organs were examined. The unbranched plant is ca. 2 m tall and has a stem up to 10 cm in diameter ( fig. 1 ). The stem is clothed with small, helically arranged leaves which, when broken off, leave irregular leaf scars ( fig. 21 ). Taxonomically diagnostic leaf cushions are not produced. The plant bases are rounded, rather than elongate, and much branched like the stigmarian rooting systems of Lepidodendrales. Secondary xylem is abundant at the plant base and in proximal regions of the stem. The wood diminishes in thickness toward the apex. Distally, the vegetative stem grades into a fertile region where the sporophylls gradually become more tightly aggregated, forming a massive fructification. The specimens represent a ligulate, heterosporous lycophyte with a fertile bisporangiate apex ( fig. 1) .
Middle Pennsylvanian coal balls from the Anderson Coal have yielded two specimens of a similar plant base ( fig. 8 ), two specimens of the proximal stem region ( fig. 7) , cortex, leaves ( fig. 28) , and megaspores. Comparable plant parts from the two localities are nearly identical in all features. They also bear a striking structural and histological resemblance to Chaloneria periodica (DIMICHELE et al. 1979) , which was reported to have little or no wood. We suspect that the lack of abundant secondary xylem on the DIMICHELE et al. specimens may be due to small sample size and to the absence from their collections of older, basal stem regions. This is consistent with the interpretation by EG- GERT (1961) and others that woody lycopods have distally decreasing secondary xylem production.
In the vegetative region of C. cormosa the stele is surrounded by cortex and ligulate leaves (figs. 2, 4). Fertile stem segments have sporophylls that bear adaxial sporangia but are otherwise similar to vegetative fragments. Some specimens have large leafy sporophylls that resemble the vegetative leaves (figs. 3, 42). Other fertile shoots have tightly aggregated diminutive sporophylls (figs. 40, 41). Together, the specimens form a complete intergrading series from the vegetative stem to a more compact strobilus. Unlike C. periodica , C. cormosa exhibits no abrupt changes from vegeta- 
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BOTANICAL GAZETTE tive to fertile zones, and no vegetative leaves occur distal to fertile regions.
THE STELE
Stems of C. cormosa have an exarch protostele which distally becomes medullated ( fig. 4 ). Some workers have described lycophyte steles of the latter type as siphonosteles TAYLOR 1981) . However, since no leaf gaps comparable to those of ferns are produced in the xylem cylinder as a result of leaf trace divergence, and the parenchymatous pith of lycopsid steles is clearly of a separate phylogenetic origin from that of ferns, we consider the term "siphonostele" to be inappropriate for lycophytes. In this paper we shall refer to the cylindrical cauline xylem of lycophytes as a medullated protostele (SPORNE 1975) .
As described for C.cormosa (PIGG and ROTH-WELL 1979) , decorticated plant bases from the Middle Pennsylvanian Anderson Coal are rounded and have abundant secondary xylem ( fig. 8 ). The region adjacent to the plant base (the transition zone) has no leaf or root traces ( fig. 8 , at left). In the most basal stem regions, the primary xylem of Chaloneria is a tiny rod of tracheids surrounded by abundant secondary xylem (PIGG and ROTH-WELL 1979) . At a slightly more distal level, thick wedges of secondary xylem surround a larger primary body ( fig. 7) . A somewhat younger C. cormosa stem (fig. 6) from a more proximal level exhibits a smaller primary body and about eight radial files of secondary tracheids and is comparable to a C.
periodic stem (fig. 9 in DIMICHELE et al. 1979 ).
The primary xylem increases in girth distally to a maximum diameter of 2.5 cm. Distally, the stele of C. cormosa is typically crushed, but in well-preserved specimens the parenchymatous pith is prominent ( fig. 4 ) and may be up to 9 mm in diameter.
Protoxylem elements occur as small strands and, in cross section, form points at the periphery of the metaxylem tracheids (figs. 5, 10, 27) . In cross section, the metaxylem ring is dissected by plates of radially oriented xylem parenchyma ( fig. 5 ). These plates are typically one or two cells wide. Some plates extend from the pith to the cortex on radii that alternate with protoxylem strands, while others are on the same radius as a protoxylem strand ( fig. 5 ). The latter bifurcate at the level of leaf trace divergence ( fig. 5 ). Thus, in cross section the parenchymatous plates may sometimes be confused with the leaf gaps of ferns. However, tangential sections through the metaxylem ( fig. 9 ) reveal that the xylem parenchyma plates are neither associated with nor produced as a result of leaf trace divergence.
Protoxylem elements average 10 pm in diameter and have helical wall thickenings. Metaxylem elements may be up to 120 p1m in diameter and exhibit wall thickenings of the scalariform and reticulate types. Fimbrils are present on well-preserved metaxylem elements.
Secondary xylem tracheids range from 20 to 91 plm in diameter and have reticulate wall thickenings. Some tracheids of the transition zone are highly branched and contorted (figs. 6, 12 in PIGG and ROTHWELL 1979) . ANDREWS and MURDY (1958) figured tracheids with similar structure in Lepidophloios pachydermaticus (= L. hallii [Di-MICHELE 1979] ). ANDREWS and MURDY (1958) considered such tracheids to represent anomalous growth. However, short and contorted tracheids are typical of the wood of both Isoetes and Chaloneria.
Near the periphery of the xylem, cells are usually poorly preserved or absent, leaving a hollow area comparable to the inner cortex of arborescent lycopods (EGGERT and KANEMOTO 1977) . This region is represented in C. periodica by a lacuna and typically in C. cormosa by either a lacuna or a zone of amorphous amber material. However, in several well-preserved specimens, there is a gradation from regions of amorphous material to areas with wellpreserved tissue. In the latter, several layers of randomly arranged parenchyma cells occur at the periphery of the xylem (figs. 10, 27 [at left]). Cells of this type are ca. 75 pm in diameter and axially elongated. External to the parenchyma is a cylinder of larger cells with more prominent walls ( fig. 10 ). This cylinder is dissected by the divergence of leaf traces. The cells are axially elongated to approximately twice their maximum diameter and in longitudinal section appear barrel shaped with oblique or transverse end walls ( fig. 11 ). Exceptionally wellpreserved cells of this type exhibit the characteristic configuration of sieve areas on both lateral and end walls (figs. 12-20) .
Sieve areas are often well preserved (figs. 13, 16) and show evidence of individual sieve pores ( fig.  16 , at arrow). In some cells ( fig. 12) , the sieve areas exhibit dark dots ( fig. 12 , at upper right) comparable to occluded sieve pores on phloem of extant pteridophytes (plate 3H in ESAU 1969) . In cross section of the end walls, fossil phloem cells are characteristically less completely preserved, and the sieve areas are less convincing (figs. 14, 15). ESAU, CHEADLE, and GIFFORD (1953, their figs. 6-10) figured phloem from the root and leaf traces, and so-called prismatic region of Isoetes howellii. Cells with sieve areas in the prismatic region are described as "only slightly longer than they are wide" and compare favorably with the barrelshaped phloem of our plant. In all regions of the Isoetes phloem (ESAU et al. 1953) , sieve areas occur on lateral and end walls, as in C. cormosa.
Chaloneria cormosa phloem tissue that shows excellent sieve areas under light optics ( fig. 13) In positions where leaf traces diverge, dissection of the phloem cylinder results from a strand of phloem accompanying the tracheids and parenchyma into the leaf base. Like the arborescent lycophytes (EGGERT and KANEMOTO 1977) , the stele of C. cormosa has leaf gaps in the phloem cylinder but not in the xylem.
CORTEX
The boundary of the stele and cortex is often not clearly defined because of the lack of an endodermis and the poor preservation of the phloem zone. However, specimens with well-preserved phloem allow for a clearer understanding of the relationships of the stelar and cortical tissues. To the periphery of the stele, lycophyte cortex of a distinctive type similar to that described for C. periodica ) is consistently associated with both stems and plant bases. Extrastelar tissues were described for C. cormosa (PIGG and ROTHWELL 1979), but additional specimens now allow for a more complete characterization of the stem cortex. In many cases, a collapsed cylinder of cortex surrounds the stele ( fig. 2 ), particularly at levels with only primary xylem. Among the specimens there is a wide range of variation in amount of cortex present and the type of tissue preserved. This variation is probably due to a combination of developmental and preservational differences and also reflects the level in the plant from which the section was taken. In most specimens only the more resistant cortical tissues are present.
The cortex surrounding young stems, distal segments of vegetative stems, and fertile specimens typically exhibits only primary tissue. The primary cortex is composed of several cell types that intergrade and often exhibit differential preservation (figs. 2, 4, 10, 25). Cortex in stems with only primary xylem is ca. 2.5 mm thick and, at intervals, expands outward to 4.5 mm in the form of leaf bases. Outside the phloem, a region of homogeneous parenchyma tissue is sometimes preserved ( fig. 10 ). This tissue grades into a zone of randomly oriented cells with differentially thickened radial walls ( fig. 25 ), but the tangential cell walls are often broken, creating the appearance of mechanically distorted radial rows of periderm (fig. 5 in PIGG and ROTHWELL 1979) . The distortion of this region of primary cortex was probably due to the pressure of the expanding periderm, to crushing, or to a combination of the two. PIGG and ROTHWELL (1979) interpreted this distorted tissue as a zone of periderm, but well-preserved specimens demonstrate that it is primary cortex, like that of C. periodica . Such cells form the most commonly preserved tissue of the primary cortex ( figs. 2, 3) . To the periphery of these cells is a zone of delicate thinner-walled and more isodiametric parenchyma cells, which are frequently not preserved ( fig. 25) . Still further toward the outside are isodiametric cells that are well preserved because of their thicker cell walls ( fig. 25, at right) . Cells of this tissue decrease in size toward the epidermis ( fig. 25) .
Hollow areas are present within the cortex and are similar to the parichnos of the Lepidodendraceae ( figs. 2, 4) . In the cortex, the parichnos is a single hollow area ( fig. 2) , but in the leaf base it divides in two ( fig. 24) . DIMICHELE et al. (1979) reported the absence of parichnos in C. periodical but their photographs show the consistent occurrence of hollow areas, which compare favorably with the parichnos of C. cormosa when seen in similar view (figs. 2, 5 in DIMICHELE et al. 1979) .
In young stems of C. cormosa the cortex is bounded by a uniseriate epidermis (figs. 25, 26). Split coal-ball specimens exhibit remnants of epidermal tissue on stem surfaces between leaf scars (figs. 21, 22). These occur as vertically elongated strips of dark tissue separated by narrow fissures. Epidermal splitting apparently occurred with the increase in girth of the stem due to peridermal growth. Pulls of the stem surfaces reveal randomly arranged, prismatic epidermal cells ( fig. 34 ) up to 110 [lm long. Remnants of cuticle appear as an amber-colored substance on the outer surface of some epidermal cells. No stomata have been found on the stem surface.
The extraxylary tissues of stems with secondary xylem typically have a thicker cortical zone with abundant secondary tissues ( fig. 26 ). Isolated secondary cortex also occurs in the matrix, where in cross section it appears as long strips. Secondary cortex occurs most frequently in specimens of older, more basal stem regions. As suggested by EGGERT (1961) for members of the Lepidodendrales, both divisions from a distinct cambium and subdivisions of individual cells have occurred.
Inside the epidermis, in some areas, larger outer cortical cells exhibit internal septations (fig. 25 ). These apparently represent primary cortical cells that have undergone random internal cell divisions. Specimens lacking the internally septate cells are either earlier developmental stages or older stems from which the region has been lost. In some specimens, internally septate cells occur in patches between leaf bases, whereas in others they are randomly disposed ( fig. 26 ). Some internally septate cells resemble cells with tyloses ( fig. 25) these intergrade with cells that show more prominent septa. Between the leaf bases of some specimens, internally septate tissue is ruptured at the margin, creating lenticel-like structures ( fig. 26) .
Inside the primary cortex of exceptionally wellpreserved specimens with a narrow zone of secondary xylem is a region of radially aligned thinwalled cells 0. 5-1. 0 mm thick ( fig. 2 7) , representing immature, differentiating periderm. Subsequent thickening of the radial cell walls gives the periderm its characteristic appearance ( fig. 26) . Welldeveloped periderm may be up to 2 mm thick. This tissue is composed of radiating files of cells with thickened radial walls and frequently broken tangential walls ( fig. 26 ).
LEAF TRACES AND LEAVES
Leaf traces diverge from the stele as a single terete bundle (figs. 5, 10, 27, 37) . At the periphery of the xylem the traces consist of a group of ca. 25 tracheids subtended by a shallow U-shaped patch of phloem. The xylem and phloem are separated by parenchyma ( fig. 37 ). As the traces extend toward the periphery of the stem, the xylem first expands tangentially and then becomes bibbed with a central protoxylem strand connecting the two lateral groups of metaxylem (figs. 5,10, 27). In section view, the phloem also elongates to form a deeper crescent-shaped arc on the abaxial side of the tracheids ( fig. 39, bottom) . DIMICHELE et al. (1979) also suspected that the comparable configuration in C. periodica leaf traces represented phloem.
At the level of leaf attachment, the xylem lobes of C. cormosa typically separate, forming two terete bundles, each with a single protoxylem strand (figs. 38, 39). In most specimens the tissue surrounding the trace is either absent or poorly preserved so that it is difficult to determine whether the two lobes separated naturally or were mechanically torn apart ( fig. 38) . However, well-preserved specimens with continuous tissue typically demonstrate a separation of the two strands of xylem by two to three layers of parenchyma cells ( fig. 39) . In a few specimens the separation is incomplete. Typically, short tracheids, representing transfusion tissue, are scattered to the sides of the leaf trace and throughout the leaf-base region ( fig. 38, at left) . DIMICHELE et al. (1979) also observed transfusion tissue in the leaf base of C. periodic. Distally, most leaves of C. cormosa possess a double leaf trace with two terete bundles, each with a single protoxylem strand (figs. 29, 41). Less commonly, they exhibit a single V-shaped leaf trace ( fig. 31 ), which resembles both leaf traces of C. periodica and those from the Bloomfield locality ( fig. 28) .
Vegetative shoots of C. cormosa are clothed with numerous helically arranged, ligulate leaves (figs. 23, 24). Identical leaves are commonly also dispersed in the coal-ball matrix (figs. 29-31). Leaves have bulbous bases but narrow significantly a short distance from their point of attachment. In many specimens, attached leaves appear bent or broken distal to the leaf base. The leaves of some stems are quite close together ( figs. 2, 4, 23) , but on others they are further apart ( fig. 21) . Individual leaves do not show an abscission layer in sectioned material ( figs. 2, 4) . Furthermore, the leaf scars from split surfaces are irregular and vary from scar to scar ( fig. 21) . The absence of an abscission zone in Chaloneria was also reported by DIMICHELE et al. (1979) .
In C. cormosa cross sections, leaf bases appear bulbous (figs. 2, 4); in tangential sections, they have an apical notch, lateral laminae, and a blunt keel (figs. 2 2-24). Leaf bases are typically 8-10 mm high and 5 mm wide, with vascular tissue that is centrally placed and flanked on either side of parichnos (figs. 23, 24) . In the proximal region of the leaf base, where it is still attached to the cortex, the two parichnos strands are large (up to 3 mm high and 1 mm wide; fig. 24 ). They diminish in size abruptly where the leaves diverge from the cortex ( fig. 23 ). At this level, a ligule is present in a pit on the adaxial surface (figs. 32, 33). Thus, ligules are typically broken off with the leaves, explaining the absence of ligules and ligule scars on split stem surfaces ( fig. 22 ). Ligules are small (0.1 mm wide and 0.3 mm high), unvascularized, and club shaped in longitudinal section ( fig. 32 ). Transfusion tissue occurs among the subtending cortical cells, where it is represented by prominent tracheids similar to those found at the periphery of the leaf trace. DIMICHELE et al. (1979) reported that the ligule pits in C. periodica are lined with a layer of columnar, parenchymatous cells. We have seen no such specialization in C. cormosa.
Distally, the leaves are long collapsed structures, usually lacking internal mesophyll tissue (figs. 29-31) , and are ca. 10 mm long and 0.4 mm wide. They exhibit both lateral laminae (wings) and a distinct keel. Internal mesophyll tissue consists of thin-walled parenchyma ( fig. 31 ). Cells have thicker walls and are typically better preserved near the epidermis (figs. 30-31). The epidermis consists of isodiametric cells (fig. 30) .
The abaxial surface of the lateral laminae typically appears rough and jagged ( fig. 30, arrow) because of sunken stomata. Paradermal sections of leaves reveal guard cells in face view ( fig. 35 ). Stomata occur in rows with the long axis of an individual guard cell oriented longitudinally ( fig. 35 ). Similar sunken stomata are present on the abaxial surface of C. periodica and on Chaloneria from the Bloomfield locality ( fig. 28) faces ( fig. 36 ) and, when absent, leave rounded areas on the leaf surface ( fig. 35 ).
FERTILE REGION
Distally, the stem of C. cormosa grades from the vegetative region into a fertile zone ( fig. 3) . In many cases it is difficult to distinguish proximal fertile segments from the vegetative zone. Accompanying sporangial wall fragments are not sufficient for identifying shoots as vegetative or fertile because vegetative stems are frequently surrounded by such material in the coal-ball matrix. In addition, large sporophylls of C. cormosa are similar to vegetative leaves. Only stems with sporophylls bearing clearly attached sporangia have been interpreted as fertile shoots, and in these, no vegetative region has been found distal to the fertile zone. Several specimens show the transition from vegetative to fertile leaves. The most extensive specimen of this type is ca. 22 cm long, with the first 6-10 cm vegetative and the remaining length fertile. Completely fertile stem fragments are up to 21 cm long. There is a gradation in sporophyll morphology throughout the fertile zone. While more proximal regions have large leafy sporophylls (figs. 42, 43) up to 3 mm apart ( fig. 3) , those of the more distal region ( fig. 40 ) are smaller and more densely disposed. These latter sporophylls are typically poorly preserved and difficult to identify, but the best-preserved ones show a double leaf trace and somewhat degraded laminar tissue ( fig. 41) .
Within the fertile region, C. cormosa exhibits alternating mega-and microsporangial zones. This is interpreted from a combination of some specimens that have microsporangia on leafy (proximal) sporophylls ( fig. 43 ) and other tightly aggregated distal fructifications with microsporophylls distal to the megasporophylls ( fig. 40) . Individual megaand microsporangial zones are up to 13.5 and 17 cm long, respectively. A similar alternation of megaand microsporangial zones was also implied for Polysporia robusta (DRABEK 1976b) and for Porostrobus zeilleri (BHARADWAJ 1958) .
Both mega-and microsporangia of C. cormosa are ca. 6 mm long and 2 mm wide. The sporangial wall has two regions: an outer layer of thick-walled palisade cells and an inner zone of several layers of thin-walled cells (fig. 43) . The latter region extends into the sporangia as trabeculae (figs. 42, 43) resembling those of Isoetes (GOEBEL 1880). Trabeculae were not found in sporangia of C. periodica ).
The sporangia of C. cormosa are filled with either hundreds of densely packed, monosaccate microspores, many of which remain attached in tetrads (figs. 43-47), or have ca. 60 thick-walled megaspores in a given section (fig. 40) . The spores compare favorably with those of Polysporia mirabilis (CHALONER 1958) . Microspores conform to Endosporites ornatus WILSON and COE (1940) and are 48-87 Rm in diameter (figs. 44-47) . Specimens of C. periodica are assigned to E. globiformis, but some fall within the size range that characterizes E. ornatus . Together with the knowledge that species of Endosporites have overlapping ranges of structural variability (SMITH and BUTTERWORTH 1967; DIMICHELE et al. 1979), this demonstrates that sporae dispersal species are unreliable for distinguishing among various taxa of Polysporia-type plants.
Endosporites microspores are found as frequently in tetrads as individually, with no appreciable size difference. Microspore tetrads of Selaginella galeottii separate early in development, whereas those of S. martensii remain in tetrads until later ontogenetic stages (TRYON and LUGAR-DON 1978) . The adherence of S. martensii microspores in tetrads may be due in part to small areas of fusion along the equatorial edges of arcuate ridges of individual spores. Such areas of fusion allow for similar structural continuity as that of the apical (interradial) papillae of Endosporites (BRACK and TAYLOR 1972) and may serve the same function.
Endosporites is characterized by a central body (corpus) surrounded by an inflated air sac (saccus) attached at the proximal side of the spore (BRACK and TAYLOR 1972) . Spores of this type also exhibit a prominent trilete mark and limbus. In C. cormosa the corpus is 12-30 Rm in diameter, and three interradial (apical) papillae appear as small, dark areas between arms of the trilete (fig. 46) . The surface has a uniform ornamentation of closely spaced verrucae and randomly disposed punctae ( fig. 48 ). This includes the raised arms of the trilete ( fig. 48 ) and the limbus, as well as the remainder of the proximal and distal surfaces.
Megaspores of C. cormosa are assignable to Valvisisporites auritus (Zerndt) POTONIt and KREMP (1956) and possibly also to Pseudovalvisisporites LACHKAR (1965). They range from 430 to 670 Rm in diameter and have a slightly raised trilete mark, the arms of which extend to the equator (figs. 49, 50). Typically, the megaspores have auriculae at the equator (figs. 49-5 1), but occasionally such extensions are lacking. There is a continuum between the two extremes within a single fructification, indicating that V auritus and Pseudovalvisisporites may be produced by the same biological entity. DIMICHELE et al. (1979) assigned the megaspores of C. periodica to V auritus var. grandis, based on their large size (725-1,546 Rm); otherwise, the smaller C. cormosa spores (typically below the size range reported for this taxon by POTONin and KREMP [1956] ) are similar to those of C. periodica. DIMICHELE et al. (1979) described a separation at the equator of the spore exine. We have not seen this feature in C. cormosa.
Ultrastructural features of V auritus megaspores [MARCH from vegetative to fertile regions, with vegetative regions located both proximal and distal to fertile zones . As paleobotanical investigations extend into increasingly interpretive realms to explore paleofloristics, paleoecology, and plant diversity through time, the importance of accurate data based on whole-plant reconstructions expands tremendously. If C. cormosa had not been reconstructed in full, it undoubtedly would have been identified as additional permineralized material of P. mirabilis. This would have continued to mask the diversity among plants that bear Valvisisporites and Endosporites and erroneously extended both the stratigraphic and geographic ranges of species in an important group of Paleozoic lycophytes. While our inability to conduct reproductive biology experiments precludes the circumscription of biological species for fossil plant remains, whole-plant biology investigations, including reconstructions based on material from a single source, allow us to approximate much more closely extant species than would otherwise be possible.
